The superantigenic properties of M protein type 5 of Streptococcus pyogenes have been implicated as an important pathogenicity factor in streptococcal autoimmune diseases. Here we show that after a single purification step by affinity chromatography on immobilized albumin or fibrinogen, M protein has no mitogenic activity for T cells. We demonstrate that the superantigenicity of M proteins of type 5 and type 1 is due to contamination with the highly potent pyrogenic exotoxins of S. pyogenes in the range of 0.1 to 0.01%. These results raise a general caveat for work with these extremely active T-cell mitogens, because the mitogenicity of other streptococcal or staphylococcal proteins could be due to similar minute contamination with potent superantigens that are undetectable by any biochemical method but extremely effective in stimulating sensitive T cells.
M proteins are major virulence factors of group A streptococci and have been implicated in the pathogenesis of acute rheumatic fever and other streptococcal autoimmune diseases (5) . M proteins form a family of closely related proteins protruding from the cell surface as a-helical coiledcoil fibrils (5) . The variable N-terminal portion of the molecule carries the M-type-specific antigen epitopes. M-protein fragments isolated from streptococci of different strains by mild pepsin digestion have been reported to possess mitogenic activity for human T cells, stimulating cytotoxic T lymphocytes with cytotoxic activity for cultured heart cells (11) . Recently, it was reported that a 22-kDa pepsin-extracted fragment of M type 5 protein (pepM5) belongs to the family of T-cell-stimulating molecules termed superantigens (12, 20, 21) . Superantigens, the prototypes of which are the staphylococcal enterotoxins, stimulate T cells by cross- linking variable parts of the T-cell-receptor 3-chain (V,) with major histocompatibility complex class II molecules on accessory or target cells and show restricted stimulation of T cells carrying certain V, (6, 16) . pepM5 has been shown to stimulate preferentially T cells expressing V32, -4, or -8 (21) .
It has been suggested that M protein and its superantigenicity provide the missing link between A streptococci and the triggering of autoimmune disease (12, 20, 21) .
Group A streptococci are the producers of the erythrogenic toxins A and C, which are related to the staphylococcal enterotoxins and are active at picomolar concentrations (1, 8, 15 Reagents. Streptococcal pyrogenic exotoxins (SPE) A and C were purified from strain NY5 as described previously (9, 17) . They were homogeneous in SDS-PAGE and isoelectric focusing and Western blot with specific antisera. A neutralizing monoclonal antibody against SPE-A was produced by standard techniques. A polyclonal rabbit serum against purified SPE-C was raised by repeated immunizations. It was specific for SPE-C in Western blots. Monoclonal antibodies against V.5, -6, -8, and -12 were purchased from T Cell Sciences, Inc. V. expression on in vitro-stimulated T cells was analyzed as described previously (8) .
RESULTS AND DISCUSSION
All the different crude M-protein preparations of the type 1 and type 5 strains (before absorption to fibrinogen-or HSA-Sepharose) were mitogenic for human PBMC. M3 was not mitogenic. As expected (11, 12, 20) , Ml and M5 preparations showed clonal heterogeneity in their T-cell stimulation, stimulating only a fraction of human T-cell clones. In accordance with previous reports on pepM5 (20, 21) we found that stimulation of PBMC with Ml proteins led to expansion of V,38' and V.12' T cells and that stimulation with M5 proteins led to expansion of V.8+ T cells, whereas V,35' and V,36' cells were depleted (data not shown).
To purify these M proteins further, we used the property of streptococcal M proteins to bind to fibrinogen (10) and to albumin (18) . Intact M protein binds to both fibrinogen and albumin, whereas pepsin-fragmented M protein binds to fibrinogen only. A typical elution profile with M5 protein from culture supernatant is shown in Fig. 1A of peak I were free of M protein, while peak II contained M protein (Fig. 1B) . Surprisingly, the eluted M protein was not mitogenic, neither for PBMC nor for different T-cell clones and lines. The entire mitogenic activity was in the nonbound fraction. This was found with essentially all different preparations of Ml and M5 proteins (Table 1) and over a wide range of concentrations up to 10 ,ug/ml. The treatment with the elution buffer (2 M KSCN) was not responsible for the absence of mitogenicity because dialysis of crude M-protein preparations against 2 M KSCN did not reduce their T-lymphocyte-stimulating activity (data not shown).
Because the SPE are potent superantigens, we suspected that the mitogenicity of the crude M-protein preparations was due to contamination with SPE. When SPE and M-protein preparations were titrated, SPE were found to have 100 to 1,000 times higher mitogenic activity than M proteins. M proteins generally showed maximal T-cell stimulation at 10 ,ug/ml, whereas with SPE, 100 to 1,000 times lower concentrations were sufficient. Figure 2 shows the response of Jurkat cells to pepM5 and SPE-C from strain NY5 (17) . Jurkat cells do not react with SPE-A but are very sensitive to SPE-C, whereas DO11.10 cells are highly responsive to SPE-A but not to SPE-C (data not shown). SPE-C stimulates V38' T cells in cultures of PBMC, and SPE-A stimulates V312+ T cells (data not shown). This pattern of responsiveness indicated that Ml could contain SPE-A and SPE-C as contaminants and that MS could contain only SPE-C. Indeed, the response of Jurkat cells to crude MS could be specifically inhibited by antibodies to SPE-C ( Table 2 ). The inhibition was dose dependent and was not seen with a related superantigen, staphylococcal enterotoxin E. Similarly, the response of DO11.10 cells to crude Ml was blocked by a monoclonal antibody to SPE-A but not by the anti-SPE-C antiserum, whereas the response of Jurkat cells to Ml was blocked by anti-SPE-C and not by anti-SPE-A (Table 3 ).
These results demonstrate that the superantigenicity of streptococcal Ml and M5 proteins is not a property of the M protein itself but is caused by minute contamination with highly active SPE. We have recently demonstrated that contamination with staphylococcal enterotoxins is responsible for the mitogenic activity of staphylococcal protein A (19) . In addition, the mitogenicity of exfoliative toxin A from Staphylococcus aureus is caused by contaminating staphylococcal enterotoxin (7) .
Because of the extreme potency of these molecules, great care has to be taken when working with superantigens purified from S. 
